Directed Regulation of Multienzyme Complexes of 2-Oxo Acid Dehydrogenases Using Phosphonate and Phosphinate Analogs of 2-Oxo Acids.
2-Oxo acid dehydrogenase complexes are important metabolic checkpoints functioning at the intercept of sugar and amino acid degradation. This review presents a short summary of architectural, catalytic, and regulatory principles of the complexes structure and function, based on recent advances in studies of well-characterized family members. Special attention is given to use of synthetic phosphonate and phosphinate analogs of 2-oxo acids as selective and efficient inhibitors of the cognate complexes in biological systems of bacterial, plant, and animal origin. We summarize our own results concerning the application of synthetic analogs of 2-oxo acids in situ and in vivo to reveal functional interactions between 2-oxo acid dehydrogenase complexes and other components of metabolic networks specific to different cells and tissues. Based on our study of glutamate excitotoxicity in cultured neurons, we show how a modulation of metabolism by specific inhibition of its key reaction may be employed to correct pathologies. This approach is further developed in our study on the action of the phosphonate analog of 2-oxoglutarate in animals. The study revealed that upregulation of 2-oxoglutarate dehydrogenase complex is involved in animal stress response and may provide increased resistance to damaging effects, underlying so-called preconditioning. The presented analysis of published data suggests synthetic inhibitors of metabolic checkpoints as promising tools to solve modern challenges of systems biology, metabolic engineering, and medicine.